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ABL ILLUMINATOR

COIL llluminator Technology
Schafer’s effort in support of the COIL Illuminator consisted of the following task areas:

1. Development of gas laser vision statement;

2. Coordination of contractor and university Raman efforts;
3. Raman analysis; _

4. ABL SPO illuminator interface activity; |

5

. Preparation of briefing comparing gas and solid state laser scaling characteristics;
and,

6. COIL CFD workshop support.
1. Gas laser vision statement

Schafer worked in collaboration with Applied Research Associates to prepare a vision
statement for the gas laser branch at AFRL. This vision statement began by examining
projections made by the New World Vistas study in 1996 for both Air Force mission
trends and technology development trends. The New World Vistas vision was embodied
by diode-pumped solid state lasers using non-linear optical phase conjugation and fiber
optic coupling to achieve energy frugality. Our gas laser vision statement demonstrated
that there is an alternate technology pathway to achieve energy frugality using gas lasers.
Schafer examined two mission scenarios-threat independent IRCM and cruise missile
defense as examples of how gas lasers could achieve energy frugality for missions which
require high average power levels in the relatively near future. The accompanying
briefing illustrates the logic chain behind this argument (Att. 1).

- 2. Coordination of Contractor and University Raman Efforts

The COIL illuminator project at AFRL is pursuing two parallel approaches to achieving
high efficiency conversion of iodine laser radiation at high average power levels. These
are stimulated Raman scattering in molecular gases and Raman scattering in solid-state
materials. After an initial survey in 1996-97, Schafer recommended rotational Raman
scattering in molecular hydrogen as the best approach using a gas-phase medium.
Experiments to validate the theoretical predictions of length and injection seed level,
required to achieve conversion efficiencies of 50% or more, are currently being
undertaken by STI Optronics. Testing will occur in 1999 using a photolytic iodine laser.

The solid-state Raman scattering approach is not as well defined at this time because of
the greater uncertainties in material properties under the high intensity conditions
necessary for efficient Raman conversion. Experimental investigations of candidate
solid-state Raman materials for the COIL illuminator project are being conducted at
Coherent Technologies Incorporated (CTI), the University of New Mexico, and the
General Physics Institute in Moscow.

To facilitate progress and coordinate the directions of these various parallel research
thrusts, Schafer has held a series of workshops at which the various participants have
presented their results. During the present task, these workshops were held on August



18, 1998 and December 1, 1998. Schafer prepared and distributed books of veiwgraphs
from each of these workshops.

3. Raman Analysis

Schafer personnel performed analyses of Raman physics issues for the gas-phase Raman
converter concept. Schafer resolved a discrepancy in the Raman gain values reported in
the literature for stimulated rotational Raman scattering in hydrogen (H,;). This
discrepancy was due to a difference of a factor of 3/2 in the Raman gain for circularly
polarized pump and Stokes beam in comparison to the case of rectangularly polarized
beams. This finding allowed STI Optronics to improve the accuracy of their Raman
conversion calculations.

Schafer also performed Raman cell sizing calculations for other gas-phase Raman media
candidates, including vibrational scattering in CF4 and SF6 and rotational scattering in
H;, Nj, and O,. These calculations showed that only H2 offered the possibility of
achieving a cell length less than 5-m, which is considered the largest size allowable in the
ABL aircraft. The following briefing includes the details of these calculations (Att. 2).

4. ABL SPO Illuminator

Schafer served as an interface between the AFRL COIL Illuminator Project and the ABL
SPO. The main areas of emphasis were the baseline performance parameters of the
Track Illuminator Laser (TILL), the Beacon Illuminator Laser (BILL), and the
component and subsystem weights. The average power and several other parameters of
these devices are classified and cannot be reported here. The weights have undergone an
evolution as the ABL design baseline has undergone quarterly updates. A significant
change occurred in March 1998, when the wavelength of the TILL were changes as a
result of adopting Yb:YAG as the baseline (in place of Nd:YAG) and dropping the
Raman cell. Current plans are to use Yb:YAG for the TILL and Nd:YAG for the BILL
on the PDRR system, then reverse the two laser concepts for the TILL and BILL roles on
the ultimate EMD system.

5. Comparison of Gas and Solid State Lasers

Schafer was tasked with preparing a briefing to compare the scaling characteristics of gas
and solid-state lasers for medium and high power airborne applications. This briefing
began by reviewing previous Air Force experience with Airborne lasers, and how lessons
learned from those previous programs has affected subsequent decision making. The
briefing then examined how new technologies and the application of the energy frugality
concept can reverse some of the negative conclusions previously drawn (Att. 3).

6. COIL CFD Workshop Support

Schafer supported a COIL CFD workshop at Logicon RDA. One purpose of the
workshop was to ascertain whether the physics of COIL lasers are accurately modeled by
the MINT computer code developed by SRA and used by Logicon RDA. This meeting
provided a forum for 37 CFD experts to assess this question, and to make
recommendations for reducing the run time of this code.

The following is a summary of the questions and issues which remained unresolved at the
close of this COIL CFD Workshop.



1. Is there any possibility of span-wise flow across unit cell boundaries? Related to this

was the question of whether periodic boundary conditions are used. It was observed

" that the unit cell approximation makes the code unable to analyze effects of

manufacturing errors and orifice plugging. The further concern was that flow across
orifice holes may induce vorticity (turbulence) which is larger than the scale of a unit
cell. Even if this vorticity is symmetric on a larger scale, there was a concern that it
must be accounted for in order to obtain a correct solution. Related to this was the
additional observation that the mesh is very odd looking. Dr. Paul Whalen expressed
a concern that there would be enough false vorticity generated by the mesh itself to
violate the unit cell assumption.

Dr. Wahid Hermina observed that it does not look like the grid on page 4 of the
package is fine enough to capture the shear layer in the mixing zone.

Professor Steve Orszag expressed concern that vorticity fluctuations might occur
which are unmodeled. These could be due to either turbulence or temporal
fluctuations in the mass flow rate. Orszag stated that if you have significant
streamwise vorticity you can have a major change in the transition Reynolds number
(reduction by a factor of 5 is possible.) He pointed out that transition is different than
turbulence. Periodic fluctuations could result from localized transition, which is
unmodeled by the code. He recommended that AFRL look at temporal frequency
spectra measured on RADICL for evidence of fluctuations. It was suggested at this
point that Charlie Helms should do some hot-wire measurements in cold flow to look
for this behavior.

Dr. John Trenholme from Livermore asked if the model included the physics of
interaction of the laser beam with condensed water particles. He said that based on
his peronal experience, this would be important in that these particles will absorb
light no matter what their size. This could present a beam quality issue.

Dr. Hermina asked some questions about the degree of chemical equilibrium in the
reaction package. He recommended that we compare the collision frequency with the
time scales for flow transit through the nozzle.

Several people asked if the MINT code uses upwind differencing. Several people had
the opinion this would be superior to the central difference technique which is used in
MINT.

Professor Orszag observed that while the predictor-corrector method is stable in two
dimensions, it can be unstable in 3-D. To avoid this instability it is necessary to apply
a condition to the maximum time step size. Orszag maintained that implicit methods
work fine in two dimensions for avoiding this time step restriction, However he said
that if you extend the computations to include 3-D effects you have to restrict the
time step size. Someone else observed that you cannot run with an infinite CFL
(Courant-Friedrichs-Lewy) number in any implicit method. Professor Orszag asked
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if we were really sure that we would not be better off using a fully explicit method for
the calculations.

It was suggested that we could improve the run time performance of the MINT code
by applying sub-cycles to the chemistry calculations. This would involve freezing the
fluid dynamics and treating only the chemistry implicitly. The fluid dynamics could
be treated explicitly since these phenomena change on a slower time-scale. It would
not be necessary to do spatial splitting and speed up can be achieved. However,
concern was expressed about getting a disconnect between the density and the energy
addition from the chemistry effects. Professor Orszag observed that it would be
computationally cheaper to update the density explicitly.

Someone asked if the code automatically estimates the discretization error. It was
suggested that it would be useful to do this because it would allow us to throw out
terms for the next solution or iteration based on the behavior of the previous solution.

Several people asked if we had done mesh refinement studies with the code to see if
the solution changed as the mesh size was reduced further and further. This is a
standard procedure in CFD studies within the NASA community. Charlie Helms
observed that when the ROTOCOIL calculations were performed, it was found that
the solution changed in going from the coarse grid to the medium grid to the fine grid.
This implied that the fine grid was not fine enough and that additional calculations
should be done with even smaller mesh sizes to determine the true number of grid
points which are required for an accurate solution.

Dr. Hermina said that code verification and validation are considered very important
items in the Sandia CFD Program. He asked how we do verification and validation
with such a large code every time a change is made.

Dr. Cliff Rhodes observed that the Cray C-90 computer tells you what percent of the
calculations are vectorized. He asked if we had ever looked at this diagnostic which
is provided by the computer. The answer was no.

Dr. Rhodes also asked how many total hours we would really like to have in a year.
An ROM answer was 10K hours per year. Rhodes observed that this is a trivial
amount of machine time because people are now measuring problems in hundreds of
thousands of node hours per year today. He suggested applying for a Grand
Challenge grant through Air Force channels. The Air Force has a panel which
allocates these proposals. Capt. Rob Peterkin at AFRI/KAFB is on this body.
Information is available at the web site: www.hpcmo.hpc.mil. Dr. Rhodes suggested
that if the grant states to the Air Force that it will be supporting a laser weapon
program the chances are good that it will be approved. He suggested asking for a 3
year grant.

Dr. Mark Christon from Sandia suggested that we could achieve significant
improvements and run time by using better guesses to the solution. He specifically



15.

16.

17.

18.

19.

20.

referred to the use of projection-based methods based on Krylov techniques. This
involves keeping a series of base vectors which are put on the right hand side of the
equations and allows speed up and run time by factors of 5-10. This feature is
available in several commercial CFD codes. He said that Sandia sees a difference of
200-300 times in the cost per time step for low Mach number calculations. He
recommended that we talk to Dr. Phil Gresho at Sandia about these projection
methods.

When finite element methods (FEM) were discussed as a possibility for reducing run
time, Alan Lampson stated that the communications requirements were uncertain
with this technique. Someone asked why he thought communications times were
uncertain for FEM codes. He said that typically people pre-compute the
communications paths and that this part of the problem is very deterministic.
However, he said that we should not try to do this ourselves. We should arrange a
mind-dump from people who have done this with FEM codes.

Several people asked if we are totally married to the ADI (Alternating Direction
Implicit) solver approach. The ADI technique has a problem with parallel computing
architectures. As you break up the problem into more blocks you lose the implicit
aspects of the algorithm across the processors.

Dr. Hermina said that Sandia is using domain decomposition techniques extensively
for time accurate solutions. He asked if we are concerned with time accurate
behavior capability in our calculations. Although the answer is no for the present
type of calclulations, it was observed that maybe we should be for super-sonic
injection configurations. In particular, it might be possible that oscillatory behavior
will occur with the supersonic injection orifices. Tim Madden said that he
investigated this for his PhD thesis with a high resolution grid and did indeed pick up
an unsteady mode around the subsonic injection holes of the RADICL device.

Several people in the audience expressed concern that we were not using enough grid
points. One person stated that if you have too few grid points, you can get smoothing
of gradients with more grid points. The solution can oscillate back and forth from
one point to another.

Several people asked if anyone had done a comparison of GASP and MINT (or any
other state-of-the-art commercial codes) for non-reacting flows. This was suggested
as an easy way to get a comparison of the basic speed and run-time behavior of these
codes in a short time.

It was suggested that we investigate the potential of using features of the AZTEC
distributed memory parallel solver. It employs unstructured grid, along with variable
block storage and conjugate gradient techniques. It would give an idea of what is to
be gained by getting rid of the ADI solver in the MINT code. It was estimated that
this might take 4-5 man months to accomplish. As a preliminary it was suggested
that we download AZTEC from the web.
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Someone else observed that there is some evidence in the literature that Newton
schemes don’t work well for large velocity shears. They wondered if the MINT
code’s use of a Newton iteration might be responsible for its slow convergence
characteristics.

It was observed that the hypersonics community is not putting all of its eggs into one
basket and focussing on a single computer code. They are sponsoring the
development and use of several codes and actively doing code to code comparisons to
assess the behavior of the various methods available and to determine which ones are
best for which problems. :



SISATeuyY THAA/TIAV UV

020C SNOISSIIN HHSV'1




SNOISSIN HSHH.L HO HOVA 404 JdSV14d0
SSVIO HLVIddOdddV LSON dH.L AALLNAI -

SHAVOHA MHd LXAN dH.L 4Od SYdSVT 404
SNOISSIN A4V dHOAVd-HDOIH AALLNAAI -

SHALLOALFO AANLS




[ 1ase] .
sugredwie) 9ovdsOIoy--IB A\ 21NN

SIpNIS UOISSIA] 1ounlpy e
ApniS UOISSIJA] JOSBT e

SBISIA PIOA MIN

SHONTIALTT AANLS




(Isel, yoey 104])

sjuby]
Y39, suyyag

SUOISST]A
9znuouyg




[esodsiq OH -«
uodeap [eondQ uoIsIoAI] [BqO[D) «

suornedlddy Iojeurwn([[ proyoeyq e
(UO1199101J 9910,]) ASUAJI(] Sty
I0SUSS UONRISJ0IdIgUN0))
uodeap 1eONdO AVN --AVHS
[0nuo)) aoedg .

UO1199)01J-J[9S YeIDIIY

ASUJI(T O[ISSIA ASINI)) o

SNOISSIIAN ALIMONId




86/9/C

061 00¥ MY “Tomod+

0] Ol m ‘xenif+
07 ol wo ‘amrady+
I I win ‘YiSusfoAep\+

:1doou00 wo)sAS 19se] [9A9]-dO1 V7 o
ISUDJAP 11089 pue uond9101d-§[9s 10§ D/V U0 THH :uonn[os e

I9pLI Wweaq 10 Y[ ‘dY 29 Ae]\
L1-D wo1y ury ¢ pade3ua adA) umouun JO J[ISSIJA :OLIRUIIS

DAl
LNHANHdHANI-LVHAH.L




pPage3u9 s19318) JO IoqUINN

JUQUIdSRURW [BULISY) [BIJUSWUOIIAUD pue A19Jes
1omod Jeoq

jeurIo] [erodway,

Ayenb wreag

Aouamonyq

QWIN[o A

WYSTOM

Aise vy Y

1S0))

JLIQIA JO SQINST]




*S2]1SS1U [D4242S JO
Juama8v8ua Suijqpua 1234v}1 uo A31Suu1 IsV24oul APUVILf1USLS

UDD ‘SISSO] UIDAJ AOLITW PIINPIL SD [[M SD “YISUI2ADM

T10.) I uondiosqv >1aydsouitn 1amoj] puv Qpgosnoof 4o1ag
"POJAdULD J( PAS|nd 7861 o

9SUQJap J[ISSIW JepeI-Ijue 10J paurejar J( pas|nd {suoissiu
o1397e13s 9ziseydwa 0} pajaoued weidord ‘0D JVSM (0861

sowopel A[d-1ijnuw Jo uorjerdudd paA1ddIad 19139q JO asnedaq
L4S( 103 pardope TAH ‘0D 4 PAIPURd IAD ‘0D MD ‘6L61 -

(Aeme 03 10 suedw 1Yo Aq

pa[puey SaISSI YJ) S. 086 [-PIiu AQ 18I} JUBUIWIOP WO0IA [[IMm
Q[ISSIW papIng Jepel dANOe-1WS $)SA33nS ApmIS SV.L'TAH :8L61 o

(TaD “1ad “0D) 19sg| 95us3p
-J13s Jaquioq dojaAap 03 uddepapun weidord LV YS :LL-SL6] e

ASURJO(J
JI9S JoSe T QuI0ogJIy JO UOoIIN[OAH




1 SP86T120

SO[ISSIW PapINg Jepel 10 Y[ Isurede asuajop ou sey [[1IS 'S () Y], —
Aeme 2u0g3 J0U Ssey JBaIY) [ISSIW Y[ Y —

1109dsonY 8661

P
o

"Par2dued A{ posind <7861

9SUQJOP 9[ISSIUI Jepei-Ijue 10] paurelal (I pasind

‘uorsstwi o139yens aziseydws 0y papeoued weisold O AVSN (0861
sowopel Ajd-njnw Jo uonenauad paaraoiad 191199 JO 9sned9q

LY S[ 103 pardope TAA 0D dy PAIR2URd 1AD 0D MD 6L61

(Aeme 03 10 sueowl
1910 AQ pa[puey SS[ISSIUW ) S.086-PIUI AQ 18I} JUBUILIOP SW0J9]
[[IA Q[ISSTW PapIing Jepel 9ANOB-TWAS $1sa33ns Apnis SV THH :8L61

(‘IdO “1d4d QD) Iose|
Omcmmoﬁ...ﬁum .SQEOQ QO—®>®© 0] coxmtoﬁc: Ewuwo,um .H<Mm . hbnm hmﬁ

ASUAI(T IT9S
I9SB QWIOQITy JO UOTIN[OAY




ZSP86T1T0

$1daou0o [y [B3nyy AS10Ug —
soguel 19318) PAONPAY —
(S,AV 89) swonerd maN -
uonuiyap 1daouod 2 sudisop jurod MaN
3ureos awINjoA/IYSIOMN —
SQI0[0UYD) [ONUOD WBAq MIN —
A3o10uyo9) Juauodwod pAduUBAPY —
$1da0u0d J9Se] MAN —

1SOI9IUI JO SWIQISAS 10] swpuiod[e QIS TIH 21epdn

{ MA( WJBIDIY [eonde],
10J duo(J 29 OL SP99N 1eUM




£ SP86T120
3uruno} uresaq [BWIOJUOD “SA [EUONIUIAUOD) —
sisAjeue uonegdedory -
uoisstwsuen 29 3uidnoo 1oq1y -
UONIULJOP WIAISAS [O1JUOD WIBDY o
jusuwrogeuew 1SNBYX9/AIDA0091 AINSSAIJ —
UOIIBPOWOddR VN —
uodsuen » 19)y3] -
Apnis uoneigaul WIoje[d e
[[20 uondiosqy -
sguneo) -
uoissairddns [ejuowepun, .
o3reyosip ainjeradurd) wooy -
durdwind opin3aAem pajo0d O1UZ0AI) —
Surdwnd a8reyosip 3 ‘Surjoos uoisuedxs omosiadng  —
Apnis open 29 uonezmundo ugisop JUIOJ e
eiep A311q1idaosns 31931e) WOIJ UMOPMO]] sjuawdInbay

JuauwdoroAa(g
1daouo)) 1958 QU0IIAQD OD




[4

86/9/C
SAIPNIS J9YIO PUEB SEISIA PHOAL MIN s s1odoy SYILY PUe TV

HIVSSHIN HHLL




Jrepd smeis uewey




{ SYS 21eIS-prjos I0] suoneorjdul] e

AJUaId1JJo

UOISIOAUOD 100d<¢—s3s59001d Ful19)18OS paje[nuuns AIepuodag--

Anrenb wreaq Jood<«—dnyeaiq wreog--
$s900ad Jesurjuou Arewrad oY) uay) St JUISNO0J-J[OS e

SYUS 10J Jey) uey) IS[[RUS

ST SUISNJ0J-J[3S J0J P[OYSaIY} AJIsuaiuI oY) ‘spinbif jsour uy e
(eIpaur ueurey se spinbi] asn j0u AU o

1S9I9JUI JO 93uerI Y} UI SIJIYS YISUS[oABM
pue SOIOUSIDIJJO UOISIDAUO0D uewey Y31y JIQIYX SpInbi] ou1oS e

(21q1sea] A9y

'SINJIYS UBWRY

, 91y A I Say
pmbr |



. (astou woij dnp[ing) soAem
onisered pue sayois Jo dnpJing [013U0D 0] INILIJIP SIOIN--
[eonoerdwr uonodafur pass soyo1§--
ures uewey JOYII ¢«
[[99 [eUIX9 urY) AJIsuaiul IQYIIH--
[[°D Ajaeoenu] e
uonoalur pass sayo3s Juowayduir 03 Aseq--
129 pue dund uaamiaq unoedurod weaq saIrnboy--
szarjIdwe uewey a[eds 93Ie[ 10] A1)oWI0a3 [BUOTIUIAUO))--
[[9D AJIAR)) [RUIIXH e

Y S 0] suonein3yuo)) reondp N n-.n e —




I se Ajreaur speos yroq Mg pue ¥z 910N

L8 101 00€
0€1 TST | 002
19T £0¢ 001
€TS | 809 | 0S
(wo) (LOY ‘H) ™1 (wo) 37 (LUI/ MIN) T
uonoIpald TOIAVI-SNI® 1) MIN [=d 10 e
IY X

Ty~ oy~ 'Z=98URI YSO[ALY e
(4

ISUQ[ [[90 urWIRY pasrnbal wnwirurur
P990X2 ISNUW WIBdq PAJRWI[[0D ) JO 93urI YIIO[ARY Y] e

1dyrdure uewey] o) SULISIUD
03 JoLid pajewI[[0d pue pasndoj oq isnwt weaq duind oy e

UOLId)LI) d3ury YSIo[Aey E =]



L8 118 00€
0€1 | o121 00C
192 CEVT 00T
- €TS | L98Y 0S
(wo) (LOY ‘H) M1 (o) ¥7 U/ MIN) T
MINS=d IN'Td
L8 101 | 00€
0€1 ZST 002
19T £0€ 001
€S 809 0S
(wo) (LOY ‘H) M1 (o) 37 U/ MIN) T

MINT=d “IOIdVd
N X

= ax = Z=93uey Y31o[hey
[4

T Pue TDIAV Y JO uostredwo) N Yl




*[199 £31ABD [RUI)XI Uk ul pageyded aq ued Yorym
IjepIpued JJiys uewey] aseyd-ses A[uo 3y) St WS0IPAH NOISNTIONOD

woQ0Z| wQo9g 1-0IX0’S 9p'1 (dIA) °4S
woge| wor9 1-0IX6°C 6’1 (dIA) "4D
WwOgLT| WOLOS -0TXL'S 8Tl (LOW) “O
wOoze| wQo9s 01X S1°C 8TE'1 (LOW) °N
w Q'S wg'g o -0IX T'¥ LSS'T (LOYW) “HxT
w Gz w 44 w0l XI'¥ STH'1 (LOY) ‘H
(.01=D| (.01=D
NIA NIA (m/wo) 3| (wm) °y

(zW9/ MAINO9=] SWINSS )

L-1) |18
U — | ——u] -

= ZEZWH

UOISIQAUO)) 9, ()G 10] WENL-Ta]
I3U] [[9D UeWRy WNWIUIA



'(SYUS [euonjeIqIA 10 ISBd uies wnuiIxeu)
suonjezriejod pyeaed aedul] pue (SYS [BUOIIBIOX

J0J dsed ured wnuwixew) suwedq sayojs pue dund uo
suopjezriejod ae[noar ajisoddo a0y aae sures LON

a-01X0°S %1 GLL | (dIA)’AS
a-01X6°C | 691 806 (4IA) 74D
e-OIXL'S | gzeT IL (LOW) O
a0IXSTE | gzeT SL (LOW) °N
a0IXTY | 7yl L8S (LOY) ‘H
(m/uo) § | () >y -0) #Ay

l
|

SUOIOIIA GI€'] N~ n-_.n .Hﬂ!._ -
Je Arewiuing urer) uewey|



A

[4

A :
Qh. iuéxsgiu u S9YO0IS-nuy

A

Qh“|> + &L: x»~.~+~u..=d5:&

Ne> s .
am .>+L72x5 [+I="u :S3)0]S

uey]) SS9 ‘swreaq sayols pajoalur pue dwind Jo 9ousdioalp
weaq 9y} pue ‘soyols pue dund usamiaq s[3ue oy dooy]
IUOTIRIOUSS $OYO0)S-TIUR SUIPIOAR IO UOLIANI) e

SUIXTW 9ABM-INOJ BIA PIJBIOUAS 2 UBD QUI[ SOYOIS-IIUY e

= ¢s0d

S9§§320.1d dNnIsered JO 199JJH m_mll“ IH"I“NI.. ——



0=[V
:Joquinu wnjuenb [euoneloy--
[+=AV
:qunu wnjuenb [euonBIqIA --
3uLI9)1e0s UBWIRY [RUOTIRIQIA e

ure3 aAnIsod 01 9)nqIIIUOd suonIsuen} Z+=y AJuUQ--
| TF ‘0=[V
:Ioquinu winjuenb JeuonRIOY--
0=AV
JoquInu wnjuenb [eUOTIBIQIA --
3U1I9)180S UBWRY [BUONIRIOY e

3ULI9))BOS UBWIRY JOJ SOy cogﬂum uhmn--.m..-.%uw




Anniqezuejod ordorjosiue 91el1s punoin=""0 919\

w (E+TDT+r2) D ST ve
0 < =
(T+0)X+17) ,Aug T op

urds Jearonu Je[nI9[ON="],

L A
(T+ B_ammm.. dxa(1T+ £2)(1+ 'LT)X = "0 UM
LY LY (@L)"0 N
1(E€+0@T+)—— ITS - T + 0 — IT@W =T
,ﬁ oY 4 a+ro)(1+ 1) NV
ures aansod 0] $9INQLIUOD Z+=[V ATUQ
ve Aviy
00 'NVXT

JUIOLJR0D) UIED) UBWIEY [EUONEIOY MW N EPg o5



s3|andts
HOLVYNINNTTI HO4 (€) ISVYO ad3I41d0on aNIWNO0DIH

HOL103r3 JINOSH3dNS-JINOSHIdNS «
AON3IOId43 NOILOVHLX3 AaSVIAHONI «

HOLVHINID LNdHONOYHL @3aSVIHINI «
ONILHODIFMLIHOIT WH3L-HV4 :(¥) ASVO -

NOIL31d3a dad g OL O} «

o_Em ANIHOTHO/WNITIH AHVYINIYC L0} «

HOLO3r3 I39Vv.LS-I19NIS «

HOLVHINID HOodNl I1LISOdINOD «
ONILHOIIMLHDIT WY L-HV3AN :(€) ASvo -

-SISATVNY
HOLVNINNTII TI00 HO4 LNVA3IT3H LSOW FHVY OML -

AIOTONHIOSL 19V 1100 40 STIATT HNOH HO-
S73dOW ONITVOS LHDIIM dIdOTINIA VSIM ‘€66L NI »

Ll it A T LN S RS P e B B S B ML

T4dOIN LHODIIM 19V
|=OO -aANIT3dSYE HO31L HOLVNINNTT 110D lvha\-g




(,9TOY WOIJ OF 9M OP QIYAA o

£310U2 POIOAIIP QUIOQIIE [8I1)O8)

10J SUIqeUd SAJUBAPR [BIISO[OUYIQ], o
S)S®B)/SUOISSTW (] QUIOGIIR I[QISSO e
{MON H( QUIOgIre [ednoe) AUM e
A10181Y JuowdO[oA9p IoSB] [BONIR], e

ASIOU Pa1dAIL(] QUIOQITY [BOTIOR ],



7861 - pa[ooued weidoid J( pasind e
sweidold g d1391ens 01 paiys siseyduwo »
9SUQJap 9[IssiwI Jepel-nue 10j paurelar weidord Jq posind «
183IY) YS1Y paIopPISUOD J0U SIISSIW Y] pue 18Iy} S[ISSTUW
d¥ 1surege 9Ano3Jjaul pagpnl swasAs ) pasind pue A\ «
0861 - Pa[[odued sweidold 1ase] [ronoe) ‘0D qe suodeop e
€L61 Ul 5159) A)1[eYI0] SUOIP ‘T/G] UL pajeniul «
A101BI0QR T 19SB] QUIOQITY/ o

9L6T
ur §3593 AN[EYIS] p-o] ‘TL61 Ul PIIGAT[OP I0Se ‘696 UT PoIenIu »

("IS.L) 19SeT QIIAIIG-1I], o

(SQUOISIIAL AV A93)
AJO)STH 1uawIdO[aA9(] I9SeT [Bo1oR ],



1030211p weaq FLIT-VAS Pue TOVYTIA PIsn owap snineN
0661 - BYSNAIRY JO UOTIONISIP JISe] 29 SuIyorI) JO OWAP [NJSSAIING

(Syoene uoneinjes jsurege J{asi pudjop ol
9[qe J0U) - JBAIY) 1ATAOS 0] WIIISAS Jase] JO AJ[IgeIou[nA PIATdIIAd »
weidord uodeapy 1JeIoary-nuy Iase| 1equio)) 9so))) Jo 1red .

3861
ur pa[[aoued - werdoxd owd( uodeapy I9seT AWy pIemIoq AWIY e

(panuINUO ‘SAUOISIAIA IV A3Y)
AJOISTH 1uawIdOToA9(] J9se T [eonde ],



sosuodsal pajenpeid smojje A319ud pajoalip - JuswoFesud
JO so[n1 03 ouardype [njared axnbax suonoe 9o170d »
Jem uey) 1ayjo suonerado,, 19pun [[B] syse) Auell
mo::oa PIIOM JUSLIND UI JUBUTWOP SPIau A319U9 P10aIIp [BONOR], e
$921n0saI1 uodeam (] 10 [BUOIIUIAUOD
JO 9sn JUSIOIJJO AIOW PUB UOTIII[IS 19318) 9JRINIOL IOUI »
sooe[d pue saw 9AISIOIP B Jomod 1equIod
Jo co:m.ccoocoo 9JeIpaWIlI SMO[[B AIQAI[IP IYSI[-JO-Paads o
sjuelRqUIOD JO SIdquInu
Ia[Tews jo joeduwt AjiuSew o) suonerado Jo oduro) pasearour pue
9010J JO AWIOU0I? 9SN ISNW :IZIS UT PIONPaI A[[RO1ISRIP SAVI0J S[] o

(MON H( SUIOqITY [eo19B], AUAM



019 ‘1S 9j0wal Je $9210J unoddjold yuridioo] partwr “quowiAordop
pider - JqV JO dpow ur udjjo aiout uonounj Ajqeqold [[im JV e
s[osolae Jo Ajofewr aAoqe uaym paaoidwr uonededoid 1ose] «
- SswsAs 3unagie) pue doue[[IoAlns [eondo pasurApe
3ursn 93eI9A09 JO BaIR 9pIM Smof[e Jurod a8ejueA 10yYSIY »
pIeoq uo [anJ AQ AJUO paITwWiI] QUIZB3BW e
J[NOIJJIP SIOW SAINSLIULIUNOD AWAUQ sayew wiojred ojrqouwt «
SUONeO0[ JaYJ0 0] JuduaAsow pider pue
s31081e) pasiadsip ‘ordnnur Jo yoene smo[[e AJNIQOU WA)SAS e
sagejueApR H(J JUSIAYUI JO 9SN 9ANDJJ SR uIseq SUIOGITY e

(MON H( SUI0qITy [ednoe], AYm



(919 ‘Te1uap eare ‘suonaasut suonerddo
[eroads ‘onosal pue yo1eas) J1oddns suonerodo punoig 105 diysunn) e
SpuIm ousIfey e
uoNRUSZISAP 1931, e
UOI109[3S pue (J] 19318, o
ddewep [eIndnns ‘QInjie] WolsAs
[on] ‘s39sdn $O1UOIIOI[9/IB PRI ‘UOTIBIUSLIOSIP ‘UOTIRPIWNUI o
Aonso(q ‘o8ewe(q ‘oprida(  ‘Aua(J - ITRINUNO)) o
UOTIBI0[ 2INJONIIS PUNOITIOPU() e
(D/V pauuews pue SAVY[)) AOIISOp pue 10919p I[ISSTW ISINI)) o

Zd pue [(J - S9INSBIJA] IUNO)) Y] e

SYS® ] /SUOISSIIA (] QUIOQITY 9[qISSO]



uondaoop [eonoe) ‘uonepruinui - SAoAs e

A19118Q-191UN0O)) »

A19[[nae pue

SING.L woIjy (S)YF1oy ue[on 3:9) ISUJop BaIe puUNOIS pue JUIOJ e
(sa11s unnjoeynuew Inip pue) sjuage A g/ JO UONIA(] o
SO[ISSIW ISTNIO dIYS-1ue WOIJ 9SUIJIP 199 o

Q0eds-03-118 [WIWOD IISB ] o

11e-0]-II8 ‘WO IJSB ] o

(910 ‘swdsAs Sunadie) ounlpe Y11 ‘VV ‘Siepel) (VIS e

SYS® I/SUOISSI]A H(J SUIOQITy 9[qISSO]



210Z A9 snep eSoIA - 1Jeroare uo romod swinid pojuowiSny e
(ssa1301d ur) s19q1j uo s101enyoe ozord Juisn Juryojewr aseyd .
sAeire 19se[ po[dnoo-19q1J «
sanbruyo9) A19A119p sondo 10q1y SSO[-MO[ ‘SUTUTRIUIRW-IPOW
Amo:mo [eWIOJUOD Sul[qeud) s[eLdjew [eondo xapur JusIpeis .
3uLI199]S WLaq [BOIUBYOSW-UOU e
sondo pajoooun Zunnsai pue sunLod AIANII[JAI-IY »
syjuouodwod waisAs eondQ
3A' MY O 18 0D PIIM PIjensuowap SUIXIiua 9ABM-INOJ e
(Bursturoxd UoISISAUOD A\ Y-N[NW ‘A[OUNNOI PIAIIYIR 9()G
JO S910UIdIJJ9) SUnJIys YISUI[oARM UBWIRY 9)L)S-PI[OS pue SeS «
| sondo 1eouI[-uoN e

ASI2UH PajdaII(] QUIOQITY [BO1OR ],
10] UI[qeUH SOOURAPY [BIIS0[OUYI],



("TIOQ) 19se T duIpo[-uddAxX() 931eYdSI(] “OUO0LIIAO

0D ‘QD :s1ase] 211299 Y[-prwt ‘1amod ageraae y3iy “yoedwio)) «

(91ep 01 ‘s1omod 93eIoAL WINIPIW pue MO[ A[oANR[aI 1R)

STISSJJ pue ‘s1ase] 1aqij ‘s1ose[ aporp parjifenb-1ysify 9oedwo)) «

219 moma 183y ‘3UI[00D [QUUBYIOIOIW - JUSWIFRUBW [BULISY ], o

$109]J9 [9AOU pue s1ase] as[nd 1I0Ys A[oWonXH e
suonesridde [eonoe) 1oedwos ur osn Oy Surqeus ‘sjusuodurod
Jo Aixa[dwos pue 9z1s 90npal sa130[0uyda) SINHIA o
sonbruyo9) sondo aandepe romod-y3iy «

[OIIUOD WIBdy o

231018 310U [99yM A[J ‘(SLEOI) SOUNMS

a1e)s prjos ‘siojoeded :syuouodwod omod asind 1oedwio)) «

ASIoUH PNV SWIOQITY [BI1IR ],
I0J SUI[qRUf SIOUBAPY [BO1S0[OUYII ],



s[qe[ieAr auw023q Aay) se sanifiqeded [eoiorouyos)
MU Jo uonerodiodur MO[[E 0] WISAS B yons uSISop ISNU AN e
sa13ojoutyod) JjoAed-y3iy ‘o3uei-Juoy ur SunsoAur o[Iym
suondo urd)-reau sazo[dxa jey) weidord e uSIsop 1SnUI A o
| 191YS1,J010] B 10J SIB3A ()¢ JTeM O) PIOJJE JOUUBD AN o
papuewap 3uraq are jey) Jurp[ing-uoneu pue ‘suonoe ao170d ‘sapieq
Jo AjotreA 9pIm ) 1no A11ed 01 AJI[IqR INO SZIUOTINJOAI P[NOM
19)Yy31,J010, © J10J PIUOISIAUD saniiqeded oY) YIIm JJeIOIR UY
S9130[0UYD9] JSB]
JUILIND FUISN ‘[OAI[ JWIOS 0] “JoWl 9q UBD SUOISSTUI 3SAY) JO QUIOG o
AZI2UQ Pa)dAIP SuIogiIe [BO110R) JUISN QUOP 1S9q
2q ued Jetp sysey/suoissiu Ajuoud-ySny quonmno Aueur o1e 219U J, o

{913 WOIJ 03 9M OP 9IYA\



SI9QIJ Ul pappaquul siojenjoe d11)09[9-0za1d Juisn sdeyrad

‘sa[punq I19q1j woly sindino oo aseyd 01 spoyrowr doJoAd(T «

e)ep AIOSuds pue AZIQUQ J9SB[ 0] SWIISAS AISAI[IP

pue sud)sAs [onuod-1y3ify ondo 19q1j 1yerorre pajerdajur dojoAs(g «
1JeIOIIR UO SWIISAS 13q1) JO A1xo1dwiod azruuru pue

ANMIqepIary pue AJUQIdIJJo 9ZIWIXBW 0] ‘UOISISAUOD UBWIRY 9L]S
-p110s pue seg se yons sanbruyoa) uoIsIoAuod yiduaosem do[oAd(] »
sarnyrade 1ndino 1jerdire 0] sweaq Sumnusue)

ur Ayipenb wreaq Y31y aarasaid yorym pue syidusfosem Aoy [BIOASS
J0J arempiey pue sanbruyoa) A19A1[op 19q1J sSO[-M0[ dOJOAI(] o
sarmurade ndino [ewiojuod urmofre ‘SuLIo9)s ueaq [eorueyooul
-uou PIM pa[dnod 2q ued jey) sTeLIalew xopur juaipeld do[oAa(d «
arempiey pue sonbruyod) Surrads-weaq [BOTURYISW-UOU dOJ[OAI(] »

(,9I9Y WIOIJ O3 9m Op IYAM



yoeoidde [eorwayd Jursixa 1940 JuswaAoxdur
opmugeul Jo I9pIO 13JJO 0] WIS JOU PIP :IOM ISY)INJ ON e
PIRIA v, 2Inseaw A[91eInoor 01 JUSIdIJNSul sem Surpuny
1nq ‘0OSd Jo uonednsaaur enmul payioddns suAp1ayo0y «
1d I0J 66 Ul QUOp SISA[eUR W)SAS
(DOSA) Iolerouan) udZAX 19[3urS 931eYOSI(] OLIOJ[H e
JI0OM JUALIND OU - T[O( o
paio[dxa Suroq APUALIND - QUOIIAO OD) PUB O)) e
wreigoid yHIA widl-1edu uo azipeided jey suoneorjdde romod
a3e1aA® Y31y JUaLIND 10J SI19se] Sed 931eyosIp o103 dO[oAd(] »
swaIsAs 1omod a3eroAe Y31y aining pue suoneorjdde 1omod wnipow
JULLIND 10 SI19Se] 19q1J pue ‘S[[20 se3 padwnd-oporp ‘siosef 91e1s
prjos padund-opoip ‘sAeLie pOIP JUAIYOD ‘SIPOIP Jase] dO[oAd(T «

(913 WOIJ 03 M OP QIYM



$3ss0] 11odsuer} y,-ou a1e 913y} 0s ‘paonpoud si 10deA IoJEMm ON e

pasn a1e S[edTwaYd SNOpILZey ON e

9ZIS WAISAs Furonpal pue sajel 19Jsuel) 18y Juisearoul

A1ea1d 3 0§z ueyl 1ayiel ‘3 009-00+ 18 detodo pnom 13uryoxd

189y 20uls payI[duwiis 9q p[noMm WIA)SAS JUSWIISRUBW [BWLIAY], o

TIOD dlqeredwod ur JHY Jo YS1om sjeunui[s pnom HOSAH UV «

%0E 01 6] Wwoj soduel :sjuowrddxe [eniul uLINp paJeWIS PIAIX e
1os[nd ayouereae 93e1[0A Y31y Aq parerousd sosind _1oxod,, »
09sTl M3J A19A9 sas[nd _ 19yod,, Jo aouanbas ojdnnuw sarnbai «

soueurioyrad Y31y 10J pasnbai suonipuod 931eyoSIp O[S [ensSnuU(] e

SOL6 [ -PIuI Q0UIS PAIPNIS UII(Q SBY SSI0I] o

. (VDO <—- ‘0 + 2.

(DOS 93IBYISIP OINIJ[S UL ST IBYA



$109]J9 1931e) Aouanbaiy jeaq - sjoA9] d1uond9[e Jo Sumids onoudew

dursn o[qissod suonisues) d1u0NdI[ 9ydn[nwt uo Juise| SNOSULI[NWIS o
soinyiade Jeou QUOP 9q PINOJ UOISISAUOD palinbal

(payorpaid Suipeds 1omod ‘parensuowop UOISIOAUOD Wt C'1)

SYISUS[OABM JUITUIAUOD 0O} UOISIAUOD UrwIRY] (2(0S) AOUSIDIJJo-YSIH o
srempley 19q1y SurureIUIBW-3pouW JO JUWIdO[oAIP MO[[R [[IM e

1JeI0IIR U0 $aIn11ade JUSIUSAUOD 0] AIDAI[DP 19qLJ SSO[-MO™T e

swarqold Zurpeo]-3 01 91qndoosns jou WO)SAS JoSeT o

uo11BI9do 9[0AD PIsO[) e.

d1qissod st walshs MINT -M 00S ‘%0€ ST PISIA I 1JeIOIE [BO1)0E)

10J 9[qIsea] WAISAS MYOE ‘%6 A[[enmor SI P[AIA J1 :wd)sAs 10edwio)) «

Iomod 1jeIoIre giqeqreae 3uisn ‘uonerado snonuruo)) e

(19IYS1J0304 10] 19JJ0 TIOJ S0P TBYM



suonerado paraAr[ap-1aqly ‘own uni Juof ur pajsaraul sdnois [ensnpur
pue s951A19S 19y10 woij 1oddns a[qissod yum .y Aq juswdopoaap
A3o1ouyoa) 710 10j dewpeor dojaaap ‘Sursrwroxd s)nsax J o
| S1IEMBIIIA] 10 SIBMO[IY JO Su9) 2onpoid
PINOJ TT1O JT SuIuLIdidp 01 HOSAH JO pIoIh aInseawr A[jeIuswiLiodX e
sasind , 19y0d,, Tewndo
pue uonerado ainssaid Y31y 10§ 901A9p DOSH SUNSIXS AJIPOIA
UOTRIZIIUI JJRIDIIR JOJ WAISAS IO JO [opout Teniut dO[oAd(] e
dVS pue uosioquie] uo(q (39y) uan) [eJA woiy as1Ape ureiqQ
uoppeosIen) ue[y I YIm SI[NSAI [9powl JO A9BINOOE ULIJUO)) e
sarnssaxd wasAs 1y3ry e uonerado 10j]
s1o1owered o3xeyosip oziwundo 03 sasind  19y0d,, Jo uSISop SUIJoY .
$9559201d 19Y10 9pn[our 01 uagAx0
V: JO uonerausd 931eyasIp dLnd9[e Jo [opout Teuoneinduwos saoxduy .

{,MAOU QUOP 9q PINOYS JBYM



